will be covered: (1) early work in this area-a brief history; (2) some important general considerations on this topic; (3) REM sleep deprivation studies in animals; (4) cognitive capacities of humans with greatly suppressed We discuss several lines of evidence refuting the hypothesis that procedural or declarative memories are or absent REM sleep; (5) recent human studies on procedural memory and sleep; (6) the "replay" of patterns of processed/consolidated in sleep. One of the strongest arguments against a role for sleep in declarative memneural activity of waking in subsequent sleep in animals; (7) "other factors" that dispute a role for sleep in memory ory involves the demonstration that the marked suppression or elimination of REM sleep in subjects on processing; and (8) 
identifying patterns of brain activity in sleep/REM sleep.
unconscious acquisition and utilization of perceptual and motor skills. Although differences exist among reports, a fairly consistent pattern of brain activity in REM has emerged In a previous report (Vertes and Eastman, 2000a), we reviewed a large body of literature showing that the from these studies. Some important findings are as follows: (1) the pontine reticular formation is highly active major classes of antidepressant drugs (monoamine oxidase inhibitors, tricyclic antidepressants, and selective in REM sleep; (2) primary sensory areas (e.g., striate cortex for the visual system) are inactive in REM, serotonin reuptake inhibitors) suppress REM sleep, but despite this marked suppression of sleep, these comwhereas sensory association regions are very active in REM sleep; (3) limbic and paralimbic regions, including pounds, on the whole, have no adverse effects on learning and memory (also see below). In response, Stickgold the lateral hypothalamus, the amygdala and anterior cingulate, and parahippocampal cortices are intensely acti-(2000) remarked that these findings were not unexpected in that subjects were tested for declarative vated in REM; and (4) widespread regions of the frontal cortex, including the lateral orbital and dorsolateral prememory and this type of memory is not processed/consolidated in sleep. According to Stickgold, "Since all frontal cortices, show marked reductions in activity in REM sleep (Maquet et al., 1996; Braun et al., 1997 Braun et al., , 1998  proponents of REM-dependent memory consolidation agree that REM is not involved in declarative memories, Nofzinger et al., 1997).
This general pattern of activity in REM has been such as those formed in paired associates training, the failure to observe REM-dependent consolidation may viewed as a "closed system" (Braun et al., 1998), essentially, an internal network disconnected from normal insimply reflect the testing of a memory system that is not REM-dependent." puts and outputs. For instance, the suppression of activity in the primary visual cortex (input) is consistent with
In like manner, following a recent review of memory processing and sleep in humans, Smith (2001) (Tulving, 1972 (Tulving, , 1984 . Procedural It is widely acknowledged that the animals (mostly ro-(implicit) memory, on the other hand, has been dedents) in many of these studies were compromised due to the severe methods used to deprive them of sleep. scribed as "how to" memory and largely involves the (Vogel, 1975) , that long-term REM deprivation produces psychosis. deprivation were not true learning/memory deficits but merely performance deficits; that is, animals were simLavie et al. (1984) described the interesting case of a man who at the age of 20 suffered damage to the pontine ply unable to perform the required task(s) due, in large part, to the physically debilitating effects of the depriregion of the brainstem from shrapnel from a gunshot wound. Following the injury, the man was comatose for vation.
There have been attempts to separate learning from 10 days, remained in critical condition for another 2 weeks, and then recovered. (2000) remarked that a temporally graded retrograde amnesia involving a this was not surprising, for the memories generally exnearly complete memory loss dating back to about 11 amined in these cases were working memory and deyears prior to surgery, but relatively intact memories clarative memory, which would not be expected to be before that time (Scoville and Milner, 1957; Corkin, 1984) . altered by a disruption of REM sleep. Stickgold stated:
"Consolidation" has been used ambiguously in the "It is not surprising that simple cognitive and psychomosleep literature to denote a rather ill-defined sleep-assotor memory tests fail to show any obvious impairment ciated mechanism that serves to consolidate waking of performance after administration of drugs that disrupt experiences. It has essentially been used operationally REM sleep. These tests classically measure working to refer to sleep-dependent processes that produce memory and declarative memory systems that we would greater gains in performance with sleep than without it. not expect to be affected by REM deprivation. We know Only recently have attempts been made (Graves et al., of no cases in which anyone, for example, tested the 2001) to relate sleep-dependent consolidation to proeffects of these drugs on complex perceptual procecesses well characterized at the synaptic or systems dural learning." level. Although it is possible that antidepressants, while not affecting declarative processes, may disrupt procedural
Although not discussed in these terms, sleep-depen-dent consolidation would appear to be a variant of synIn this regard, Shadmehr and associates (Donchin et al., 2002) recently demonstrated time (but not state) aptic consolidation-primarily for two reasons. In the first instance, sleep-dependent consolidation is a shortdependency on an arm reaching task (see above). They trained two groups of subjects on the task, and following term event; major changes are observed within 24 hr postacquisition and progressively decline thereafter training, one group was allowed normal sleep and the other was sleep deprived, and then both groups were (Smith, 1985 (Smith, , 1996 . Second, as discussed, sleep is selectively involved in the consolidation of procedural tested on the next day. There was no difference in performance of the sleep-and non-sleep-deprived subjects memories, and being procedural, would not seem to involve temporal lobe structures associated with the on the task, indicating a time-dependent and not a statedependent process of consolidation. They addressed long-term storage and reorganization of information-or systems consolidation. As Dudai (2004) Seemingly lost in the current debate is the fact that planar manipulandum) was significantly disrupted when the term "consolidation" (at least for recent human sleep a second task followed the first by 5 or 60 min, but not studies) has taken on a very different meaning; that is, when the two tasks were separated by more than 4 hr.
rather than referring to a stabilization of learning, it is They concluded that motor skills are "consolidated" used to signify improvements in learning-or gains in over an approximately 4-6 hr period, comparable to performance with sleep. the consolidation of declarative memories. They stated:
In an initial report, which became the prototype for "Previous studies in humans and other primates have found this time-dependent disruption of consolidation others that followed, Karni and Sagi (1993) humans (Fosse et al., 2003) .
explained by changes in postsleep relative to presleep. As will be discussed, the amount of material transferred
Although these values (4%-15%) are higher than from waking to sleep, however, in both animals and shown for episodic transfer in humans (1%-2%), it is humans, appears to be quite small and unlikely serves important to again note that these studies generally a mnemonic function.
involved well-trained tasks in confined environments. 
